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Abstract 
Azollafiliculoides LAM. is a tiny aquatic fern growing as free float- 
ing mats covering the stagnant water of the irrigation and drainage 
canals of Damietta district, Egypt. Ecological characteristcs and dis- 
tribution of the fern were investigated and results were discussed. 
Vegetation analysis of Azolla indicate that the most common as- 
sociated species with Azolla are: Phragmites australis [presence (P) 
= 93.3%], Echinochloa stagnina (P = 70%), Eichhornia crassipes 
(P = 57%), Pluchea dioscoridis (P = 56.7%), Persicaria salicifolia 
(P = 26.7%), Phylla nodiflora (P = 13.3%) and Ludwigia stolonifera 
(P = 10%). Submerged species, e.g. Ceratophyllum spp. and Pota- 
mogeton spp. are completely absent in the stands dominated with 
solid mats of Azolla. This could be explained by that hese mats pre- 
vent light penetration a d oxygen which are required to submerged 
plants which in turn are decayed. 
The pH of the water where Azolla was recorded ranged from 7.1 
to 9.0 (mean = 7.8), total dissolved salts ranged from 280 to 2600 
mg/1 (mean = 880 mg/1). The total phosphorus showed the range 
from 0.01 to 0.82 mg/1 (mean = 0.22 mg/1). The ammonia-N isrela- 
tively high, varying from 2 to 18 rag/1 (mean = 7.0 mg/1), however, 
the nitrate-N varied from 2.1 to 54.1 rag/1 with a mean value of 20.5 
mg/1. 
The fresh biomass of Azolla ranged from 114 to 4280 g/m 2 in irri- 
gation canals and from 506 to 2760 g/m ~ in drainage canals. The dry 
biomass varied from 16 to 23 g/m 2 in irrigation canals. The range 
from 26 to 320 g/m 2 was obtained for drainage canals. 
Introduction 
In Egypt, there are three species of Azolla (water velvet) in- 
troduced, namely Azolla pbmata, Azolla caroliniana and 
Azolla filiculoides (HAMDI et al. 1980; ALAA EL-DIN & 
HAMDI 1982). The earliest known records ofAzolla spp. are 
those reported from the rice fields around E1 Kantara, north 
of lsmailia nd Tanta (EL HAD~DI 1993 a,b). Cultures of these 
water ferns were inoculated since 1990 in the rice fields as 
green manure. It is believed that at least 5 species of Azolla 
are infesting afew years ago the water bodies of the northern 
section of the Nile Delta (EL HADIDI & FAYED 1995). 
The most remarkable characteristic of Azolla is its symbi- 
otic relationship with the nitrogen-fixing blue-green alga 
(cyanobacterium) Anabaena azollae. The delicate Azolla 
provides nutrients and a protective cavity in each leaf to An- 
abaena colonies in exchange for fixed atmospheric nitrogen 
and possibly other growth-promoting substances (AsttTON & 
WALMSELY 1976). 
A considerable attention is being directed towards the de- 
velopment and application of biofertilizers in general and 
Azolla in particular as an alternative to or in combination 
with chemical fertilizers (LUMPKIN & PLUCKNETT 1980; RA- 
HOMA 1985; DENT 1987; SHI & HALL 1988; MOUSA 1994; 
BADWAY et al. 1996). Azolla can remove heavy metals and 
phosphorus from water (AYYAPAN et al. 1991; EL-SAYED 
1992; JAIN et al. 1989; REDDY & DE BUSK 1985). In addition 
to that Azolla has been proved beneficial for many purposes 
such as control of weed pests and mosquitoes as well as im- 
proving the soil (BoOMNG 1984; JANIYA & MOODY 1986). 
Due to the high economic potentialities of Azolla, the pre- 
sent study was undertaken to add more information on its 
ecology and biomass production under natural conditions. 
This will be useful for the optimal feasibility of the applica- 
tion of Azolla in increasing the production of rice and in 
water treatment, especially agricultural water which is rich 
in nutrients. 
Material and Methods 
Study area: Damietta district is a part of the Nile Delta. It lies be- 
tween 31 ° 30" north latitude and between 32 ° 30" east longitude. 
Damietta isbordered by E1-Dakhalya district from southwest, by the 
Mediterranean Sea from north and Lake Manzala from east (Fig. 1). 
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Fig. 1. Location map showing the study area. 
In the Nile Delta, both branches of the River Nile (Damietta nd I - 
Rosetta), have an extensive network of irrigation and drainage II - 
canals with their ramifications till the level of field ditches. These III - 
canals receive sewage ffluents and large loadings of nutrients espe- IV - 
cially phosphorus and nitrogen from agricultural ctivities. V - 
The climate of the study area is of 
Mediterranean type and belongs to the 
arid province characterized by a short dry 
period. The average of 5 years meteoro- 
logical records (1983-1988) for Damietta 
(Table 1) indicate that the monthly mean 
temperature varies between 12.8 °C in 
January and 25 °C in August. The relative 
humidity is higher in winter than in sum- 
mer, it attains aminimum average of 68% 
in May and a maximum average of 76% 
in August. The evaporation ranges be- 
tween 2.8 mm day -1 in December and 
January and 5.4 mm day -~ in June. Most 
of the rain falls during November-Febru- 
ary; summer is virtually dry. The maxi- 
mum amount (25.5 ram) is received ur- 
ing winter either in December and/or Jan- 
uary. During August and September t ace 
rainfall occurred. 
Vegetatian sampling; A survey was 
made for the major irrigation and 
drainage canals of the Damietta district, 
and 30 homogenous stands were selected. 
Homogeneity was judged by the general 
physiognomy of the vegetation and phys- 
iography of the land. Human settlements 
and activities were avoided as much as 
possible. Dominance Scale (+ -10) of 
cover was used according to GOLDSMITH 
& HARRISON (1976). 
The presence of each species was ex- 
pressed by the percentage of stands in 
which it occurs or by five degrees of pres- 
ence classes as follows: 
rarely present (in less than 20% of stands); 
seldom present (in 21-40% of stands); 
often present (in 41-60% of stands); 
mostly present (in 61-80% of stands); 
constantly present (in 81-100% of stands). 
Table 1. Variation in temperature, relative humidity, wind velocity, evaporation and rainfall of the study area (the averages were calculated 
from 1983-1988). Source: KHDSR (1993). 
Months Temperature (°C) Relative Wind Evaporation Rainfall 
humidity velocity 
Mean Max. Mean Min. Monthly Mean (%) (kin hr -~) (ram day -t) (mm) 
January 18.3 8.4 12.8 75.0 5.5 2.8 25.5 
February 18.6 8.8 13.4 72.0 6.0 3.3 17.2 
March 20.5 11.1 15.6 70.0 7.2 4.1 10.7 
April 23.1 13.6 18.0 69.0 6.9 4.6 3.7 
May 26.6 16.8 20.9 68.0 6.1 5.1 1.9 
June 29.2 19.8 24.4 70.0 6.1 5.4 0.1 
July 30.6 21.2 25.4 70.0 5.4 4.9 Trace 
August 31.0 21,4 25.7 76.0 4.8 4.6 Trace 
September 29.4 20.0 24.3 75.0 4.4 4.4 0.5 
October 27.4 18.4 22.2 74.0 4.8 4.2 7.1 
November 23.9 15,2 18.1 74.9 4.8 3.5 15.4 
December 19.8 10.6 14.5 74.0 5.6 2.8 24.5 
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Voucher specimens of plants were collected, identified and de- 
posited in the Herbarium of the Botany Department, Faculty of Sci- 
ence at Damietta, Mansoura University. Identifications were made 
according to T)iCKHOLM (1974) and BOULOS (1995). Specimens of 
Azolla were identified by SVEN SNOOERUP, Botanical Museum, Lurid 
University, Sweden. 
Multivariate analysis: Vegetation data were classified using the 
FORTRAN program, TWINSPAN (two-way indicator species anal- 
ysis) (HmL 1979). Ordination was carried out using CANOCO a 
FORTRAN program version 2.1 for Canonical Correspondence 
Analysis (CCA) according to TER BRAAK (1988). Cover values were 
transformed using the following scale: 1 = 1%; 2 = 2-3%; 
3 = 4-5%; 4 = 6-10%; 5 = 11-30%; 6 = 31-50%; 7 = 51-70%; 
8 = 71-90% and 9 = >90%. 
Water analysis: Samples of water were collected at 0-25 cm 
depth in each stand. The pH was measured by a pH-meter Model 
800. Total dissolved salts were determined by using TDS-Salinome- 
ter. Total alkalinity was measured according to the methods of 
WZLCH (1948). The method used for chlorides was according to the 
American Public Health Association (1955). Total phosphorus was 
determined according to JOHN (1970) and ammonia-N with the 
methods used by ALLEN et al. (1986). The method used for nitrite-N 
and nitrate-N is described by STRICKLANO & PARSONS (1972). Sodi- 
um and potassium were determined using a Coming 410 Flame pho- 
tometer. Calcium and magnesium were determined according to 
DmHL et al. (1950). 
Biomass production: Three quadrats (0.5 m × 0.5 m ) were har- 
vested monthly in each stand from September, 1992 till August, 
1993. The plants of Azolla were collected and washed with tap 
water. These plants were left air-dried and fresh weight was deter- 
mined. Then all plant materials were ovendried at 80 °C to a con- 
stant weight (dry weight). The percentages ofdry weight were calcu- 
lated of fresh weight basis. 
Results 
The aquatic vegetation associated with Azolla filiculoides is 
classified into: 
• Communities dominated by free floating plants, e.g. Eich- 
hornia crassipes, Pistia stratiotes and Lemna gibba, 
• Communities dominated by emergent plants, e.g. Phrag- 
mites australis, Typha domingensis, Echinochloa stagni- 
na, Saccharum spontaneum and Persicaria salicifolia. 
• Communities dominated by submerged plants, e,g. Cera- 
tophyllum demersum, Potamogeton pectinatus and P cris- 
pus, 
• Communities dominated by plants which are rooted and 
with floating leaves like Potamogeton odosus and Nym- 
phaea lotus. 
Table 2 indicates the floristic composition of 30 stands 
dominated by AzoIla filiculoides. Azolla plants grow in 
dense mats with a cover varying from 80 to 100%. The pres- 
ence percentages of the most common associates are as fol- 
lows: 
Phragmites australis (P = 93.3%), Echinochloa stagnina 
(P = 70%), Eichhornia crassipes (P = 57%), Pluchea diosco- 
ridis (P = 56.7%), Persicaria salicifolia (P = 26.7%), Phylla 
nodiflora (P=13.3%), Ludwigia stolonifera (P = 10%) (see 
Table 2). 
Multivariate analysis 
Classification: Vegetation data of the two-way table are pre- 
sented in Table 3. Five clusters were recognized. Each clus- 
ter comprises a set of stands with greater homogeneity of 
vegetation than when compared with other sample cluster. 
Three clusters are dominated by Azollafiliculoides (cluster I,
IV and V), Cluster II is dominated by Eichhornia crassipes. 
Cluster lII is dominated byPhragmites australis. Field obser- 
vations how that Azolla plants grow well between the frings 
of these plants, especially Typha domingensis and Phrag- 
mites australis. Azolla plants are protected from turbulence, 
drifting and high solar radiation. In clusters I, II and III, 
Ceratophyllum demersum is completely absent. 
Ordination: Fig. 2 shows the ordination diagram which 
based on Canonical Correspendence Analysis (CCA) of the 
associated vegetation with Azolla plants. Eigenvalues ob- 
tained were 0.12, 0.09, 0.06 and 0.18 for axis I, II, III and IV, 
respectively. These values are suggesting a well structured 
data set. This also gives an idea of the stability of the ordina- 
tion. The digram of ordination displays the basic clusters ob- 
tained by the classification technique. The emergent species 
like Phragmites australis, Echinochloa stagnina nd Scirpus 
tuberosus are located in the top plane of the fight side be- 
tween axis I and II. These species are followed by free float- 
ing species including Azolla filiculoides, Eichhornia cras- 
sipes and Pistia stratiotes. Submerged species like Cerato- 
phyllum demersum and Potamogeton species how a special 
pattern and are separated in one group in negative side be- 
tween axis I and II (Fig. 2). 
Water properties: Table 4 shows the chemical properties 
of water samples collected from the different stands of Azol- 
la plants. The drainage canals exhibit higher concentrations 
of soluble cations (Na ÷, K +, Ca 2+ and Mg 2+) than irrigation 
canals. This may be due to the high input fluxes from seep- 
age from the agricultural lands as well as the drainage water 
(containing high amounts of fertilizers). 
Table 4 shows that the pH ranges fom 7.2 to 8.5 for the 
water of irrigation canals with a mean value of 7.7. The 
water of the drainage canals attained pH ranges from 7.1 to 
9.1 with a mean value of 7.9. Azolla plants tolerate water 
salinity (expressed as total dissolved salts) up to 2600 mg/l 
in the water of drainage canals. A lower range for water 
salinity (280-520 rag/l) was obtained for water from irriga- 
tion canals. The same trend was obtained by total alkalinity, 
i.e. higher ange (3.9-11.1 rag/l) for drainage canals and the 
range fi'om 4.4-6.0 rag/1 for irrigation canals. Azolla plants 
grow in water with total phosphorus ranges from 0.01 to 
0.39 rag/1 with a mean value 0.16 rag/1 for irrigation canals 
and from 0.01 to 0.82 rag/1 with a mean value (0.29 rag/l) 
for the drainage canals. Ammonium-nitrogen has the range 
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Fig. 2. Ordination diagram based on Canonical Correspondence 
Analysis (CCA) of AzolIa filiculoides data matrix. Abbreviations: 
Azo fil: Azolla filiculoides; Aru don: Arundo donax; Cer dem: Cera- 
tophylIum demersum; Cyp alo: Cyperus alopecuroides; Ech sta: 
Echinochloa stagnina; Eic cra: Eichhornia crassipes; Lud sto: Lud- 
wigia stolonifera; Nym lot: Nymphaea lotus; Per sal: Persicaria 
salicifolia; Pis str: Pistia stratiotes; Pot cri: Potamogeton crispus; 
Pot pec: Potamogeton pectinatus. 
The coordinates of species are marked with an open circle (O) and 
of samples with a filled circle (e). 
Lud sto ) 
• ~ 11 
~c cra 10319' 20~~ Free floating species 
• -~ '~o o 
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Axis II 4.0 
lot 
2.4 3.0 4.0 
Axis I 
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Table 3. Two-way table resulting from an application of TWINSPAN program to the Azolla data. Values denote categories of abundance 
(expressed ascover percentages) defined by the pseudospecies cut levels. Ordinal scale 1-9 was as follows: 1 = 1%; 2 = 2-3%; 3 = 3-5%; 
4 = 6-10%; 5 = 11-30%; 6 = 31-50%; 7 = 51-70%; 8 = 71-90%; 9 = values >90%. 
Clusters I I I  I I I  IV  V 
Stands 6, 12,14,16,17,15 28,23,25,27,24,26 5, 20,21,30,19,29,9,10 1,2,3,4,13,18 7,8,11,22 
Eichhornia crassipes 7 6 - 6 
Pistia stratiotes 
Potamogeton crispus 
Potamogeton pectinatus 
Azolla fiIiculoides 4 
Phragrnites austral& 
Echinochloa stagina 8 
Ceratophyllum demersum 
Ludwigia stolonifera 
Nymphaea lotus 
Arundo donax 
Typha domingensis 4 
Saccharum spontaneum 
Persicaria saIicifolia 
Cyperus articulatus 
Cyperus alopecuroides 
Scirpus tuberosus 
8 9 9 7 8 8 - 5 5 - 8 7 67  7 
7 
1 3 2 3 4 -  
4 1 -  2 
9 7 9 8 9  9 6 8 5 9 4  
77  - 85  7 7 8 8 8 9  
- 7 9 8 8  6 6 6 6 7 7  
6 6 
9 8 8 6 5 3 1 9 29578 9 
9 7 7 9 8 8 7 98788 8 
7 9 8 7 6 6 - 9  -5  . . . .  
1 -2 - -  - 
7 4 
76  
76-6 -  8 
5 
45-  - 
7 
34- -  - 
4 -5  - -  - 
578  9 
94-6  
5 -9  - 
- -2  3 
8 
5 - -  7 
487  6 
4 - - - 
- 2 - - 
575 - 
Table 4. Chemical properties of water samples collected from the different stands of AzolIafilicuIoides of the irrigation and drainage canals in 
the study area. T.D.S.= total dissolved salts; TA = total alkalinity. 
Parameter Irrigation canals Drainage canals 
Range Mean Standard eviation (±) Range Mean Standard eviation (_) 
pH 7.2-8.5 7.7 0.36 7.1-9.1 7.9 0.56 
T.D.S. (mg/1) 280-520 406 69.7 400-2600 1080 759 
T.A. (rag/l) 4.4-6.0 5.2 0.5 3.9-11.1 7 2.6 
Tot.@ (mg/1) 0,01-0.39 0.16 0.09 0.01-0.82 0.29 0.2 
Ammonia-N (mg/1) 2,4-14 7.2 4.04 2.6-15 7.9 3.2 
Nitrate-N (mg/1) 6.5-42.8 18 11.8 2.1-54 22.6 16.1 
Na (mg/1) 50-110 79.1 19.8 65-970 272 286 
K (mg/1) 6.0-9.0. 7.2 0.83 7-37 14.1 9.5 
Ca (mg/1) 40-60 47.3 7.5 30-80 50.7 12.2 
Mg (mg/1) 12-36 23.5 7.4 18-133 65.4 33.7 
Tab le  5. Biomass production and water content of Azolla filiculoides collected from the irrigation and drainage canals of the study area. 
S.D. = standard eviation. 
Irrigation canals Drainage canals 
Fresh weight Dry weight Water content Fresh weight Dry weight Water content 
(g/m 2) (g/m 2) (%) (g/m 2) (g/m 2) (%) 
Minimum 114 16 87.8 506 26 81.6 
Maximum 4280 224 9.6 2760 320 96.4 
Mean 1467 87 93.2 1481 105 92.6 
± S.D. 1134 54 2.6 664 73 4.2 
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from 2.4-14.0 rag/l) for irrigation canals and from 2.6 to 
15.0 rag/1 for drainage canals. Nitrate-nitrogen displayed 
the range from 6.5 to 42.8 mg/1 for irrigation canals, higher 
range (1.1-54 mg/1) was recorded for drainage water. A rel- 
ative wide range for soluble cations was obtained for the 
drainage water than for the irrigation one. For example, Na + 
ranges from 50 to 110 mg/1 (mean 79.1 rag/l) for irrigation 
canals. It ranges from 65 to 970 mg/1 for drainage water. In 
general, low K + was found in the natural habitats of Azolla 
plants, it ranges from 6.0 to 9.0 mg/1 (mean 7.2 mgfl) for 
irrigation water, and the range from 7.0 to 37.0 rag/1 
(mean 14.1 mg/1) was obtained for the drainage water (see 
Table 4). 
Biomass production: Table 5 shows that biomass and 
water content of Azolla plants in the irrigation and drainage 
canals under natural conditions. The fresh biomass of Azolla 
plants ranges from 114 to 4280 g/m 2 (mean = 1467g/m 2)for 
irrigation canal sites. These sites attained ry weight ranges 
from 15.5 to 224 g/m2 (mean = 68.8 g/m2). On the other hand, 
the fresh biomass ranged from 506 to 2760 g/m 2 with a mean 
value of 1481 g/m2 for sites located in drainage canals. Azol- 
la plants produced ry biomass ranges from 16 to 224 g/m 2 
(mean = 87 g/m 2) in irrigation canals and from 26 to 320 
g/m 2 (mean = 105 g/m 2) in drainage canals. 
A relatively high water content in Azolla was obtained. It
varies from 87.8 to 95.6% (mean = 93.2) and from 81.6 to 
96.4% (mean : 92.6%) for both irrigation and drainage 
canals, respectively. 
Discussion 
Azolla was introduced to the irrigation and drainage canals 
of the Nile Delta (see HAMDI et al. 1980; EL HADIDI 1993a). 
During a few years ago Azolla grows rapidly and spread with 
dense mats covering the still water in ditches, irrigation and 
drainage canals of Damietta district. 
Field observations indicate that Azolla grows well in pro- 
tected fringes of emergent hydrophytes like Typha domin- 
gensis and Phragmites australis. The high growth of the fern 
may be explained by that these plants give protection from 
turbulence, drifting and high solar radiation. LUMPKIN & 
PLtJCI~ETT (1982) reported that AzoIla is a pioneer in dis- 
turbed areas where its rapid growth rate and nitrogen fixing 
ability give it a competitive ability. The invasion of Azolla in 
heavily polluted drainage canals forms a solid cover which 
creates compact, hick, floating mats. These mats are found 
to be spread from the marginal sites to open water. Ecologi- 
cally, the solid mats of the fern shade the water column 
below them and prevent photosynthesis by submerged 
species. At the same time the fern reduces the area of contact 
between the water and the atmosphere, thus reducing the dis- 
solution of oxygen from that source. This explains why sub- 
merged hydrophytes were absent in the sites with vigorous 
growth of Azolla (see Table 3). 
AzoIla grows under different ranges of environmental 
conditions. However, conditions for survival in nature can be 
much variable than those necessary for successful field culti- 
vation. The optimum growth of Azolla in culture solution is 
in pH range of 4.5 -7, but Azolla can survive in pH 3.5-10 
(WATANABE et al. 1977; PETERS et al. 1980) if all essential el- 
ements are available. Under the Egyptian conditions Azolla 
grows well with pH varying from 7.1 to 9.0 (MOUSA 1994). 
The optimum growth of Azolla is dependent ot only on pH 
but also on buffer capacity and other environmental condi- 
tions. Chinese researchers such as GE et al. (1980) recom- 
mended that water for Azolla cultivation should contain no 
more than 0.3% salt. In U.S.A., HALLER et al. (1974) found 
that Azolla caroliniana growth ceased when the concentra- 
tion reached 1.3%. Furthermore, RAHOMA (1985) reported 
that a range of electric onductivity from 0.11 mmhos/cm to 
1.27 mmhos/cm is required for the optimum growth of Azol- 
la plants. In addition to that FAO (1978) recommend that the 
water of Azolla should contain less than 0.1% salts. The pre- 
sent study revealed that Azolla plants tolerate awater salinity 
expressed as total dissolved salts ranging from 280 to 520 
mg/1 (mean 406 mg/1) in irrigation canals and at the range 
from 400 to 2600 mg/1 (mean 1080 mg/1) in the drains. 
Azolla growth is dependent upon the macronutrients P (EL 
KATONY et al. 1996), K +, Ca 2+ and Mg 2+ (LE VAN & 
SOBACHK~N 1963). Phosphorus has been reported to be the 
most common limiting element for Azolla cultivation (KtJLA- 
SOORIYA 1991). Under Indian field conditions, phosphorus i
often limiting to Azolla growth (SINGH 1980). Comparable 
results are obtained under the Egyptian field conditions 
where MOUSA (1994) found that Azolla grows in irrigation 
and drains of Damietta with the range of total-P of 0.01 to 
0.82 mg/1 in surface water and from 0.01 to 0.97 mg/1 in sub- 
surface one. The present study indicates that total-P varied 
from 0.01 to 0.4 mg/1 (mean 0.2 mg/1) in irrigation canals 
and from 0.01 to 0.8 rag/1 (mean 0.3 mg/1) in drains. Also, in 
heavy polluted sites with domestic sewage with high phos- 
phorus content Azolla became smaller, pink to red in colour. 
Under severe stress, the plants became highly compact and 
dark red and often develop very long curled roots. Such 
stress causes the origin of anthocyanins which push colour to 
be red. 
Production of aquatic plants is regulated by climatic fac- 
tors such as temperature, day length, the length of growing 
season as well as nutrients, salinity, pH, wind and humidity 
(LuMPKIN & BARTHOLOMEV 1986; SERAG 1991). Azollafil- 
iculoides had a maximum biomass in the cited literature 
which ranged up to 5200 kg/ha with an average of 2100 
kg/ha (WATANABE & ROGER 1984). Under optimal laboratory 
conditions, MOORE (1969) reported that Azollafiliculoides i
capable of very rapid vegetative growth with doubling their 
biomass in two days or less. In Egypt, RAHOMA (1985) stated 
that the biomass of Azolla is increased by the increase of ni- 
trogen concentration i  the medium of growth till 8.0 ppm 
nitrogen. Another study was made by MousA (1994) in natu- 
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ral stands of Azolla. He reported that Azolla filiculoides pro- 
duced a biomass with a maximum of 4300 kg/ha and 320 
kg/ha for fresh and dry yields, respectively. The present 
study indicates that AzoIla produced 4280 kg/ha and 2760 
kg/ha as maximum fresh yield in irrigation and drainage 
canals, respectively. The maximum dry yield ranged from 
224 kg/ha and 320 kg/ha for both systems at the same envi- 
ronmental conditions. 
In conclusion, integrated efforts are needed to add more 
ecological information to this fern. The study of ecological 
relations in natural habitats may be of special importance for 
the optimal utilization of Azolla in agriculture and water 
treatment under Egyptian conditions. 
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